Abstract A spatiospectral localization method is discussed for processing the global geopotential coefficients from satellite mission data to investigate time-variable gravity. The time-variable mass variation signal usually appears associated with a particular geographical area yielding inherently regional structure, while the dependence of the satellite gravity errors on a geographical region is not so evident. The proposed localization amplifies the signal-to-noise ratio of the (non-stationary) time-variable signals in the geopotential coefficient estimates by localizing the global coefficients to the area where the signal is expected to be largest. The results based on localization of the global satellite gravity coefficients such as Gravity Recovery And Climate Experiment (GRACE) and Gravity and Ocean Circulation Explorer (GOCE) indicate that the coseismic deformation caused by great earthquakes such as the 2004 Sumatra-Andaman earthquake can be detected by the low-low tracking and the gradiometer data within the bandwidths of spherical degrees 15-30 and 25-100, respectively. However, the detection of terrestrial water storage variation by GOCE gradiometer is equivocal even after localization.
Introduction
Recently there has been an increasing number of geophysical applications from satellite gravity measurements. Monthly time-series of the Earth gravity field from the Gravity Recovery And Climate Experiment (GRACE) data, in the form of spherical harmonic coefficients, have been producing indispensable implications and insights about large scale terrestrial water, ocean, ice sheet, fast and slow deformations of the solid Earth such as earthquake and post-glacial rebound (e.g., Tapley et al. 2004b; Chambers et al. 2004; Luthcke et al. 2006; Han et al. 2006; Tamisiea et al. 2007 ).
These temporal mass variations observed by the GRACE satellites are limited mostly to low degree and order harmonics (e.g., less than 20 or so) of the monthly gravity solutions due to limitation of current capability of the intersatellite ranging instrument and to errors in applied geophysical models (Wahr et al. 2006) . Undesired errors in the global harmonic coefficient estimates (mostly higher degrees and orders), associated primarily with measurement noise and aliasing effect from un-and mis-modeled geophysical signals such as tides and atmosphere (Han et al. 2004) , are reduced in somewhat empirical ways by applying filtering methods to the estimated coefficients or smoothing in space domain (Davis et al. 2004; Han et al. 2005; Wahr et al. 2006; Swenson and Wahr 2006; Kusche 2007) .
It is a degree variance (or its square root, degree-RMS) that has been often used to quantify the powers of signal and error in the gravity field estimates at various spatial wavelengths (Kaula 1967) . In addition to admittance and correlation functions, it is useful to analyze and compare the global topography and (static) gravity to understand physical implications of their spatial variations for Earth and other planets' geodynamics (e.g., Kaula 1967; Wieczorek 2007) .
A direct spectral power comparison (through degree variance) of a certain time-variable mass signal and global gravity coefficients estimated from satellite data, however, should be avoided because the time-variable signal (such as earthquake and hydrology) arises largely associated with a confined geographical regime and decay rapidly away from the region while satellite gravity data contain all other signals and errors outside the region of interest. That is, the time-variable signal of interest is non-stationary while the satellite gravity error is more likely to be stationary. Therefore the comparison between them would yield incorrect signal-to-noise ratio (SNR) for a particular (locally intense) signal by globally averaging and thus underestimating the non-stationary time-variable signal. Although we observe that the power of some historical great earthquake deformation signals are one or two order of magnitude smaller compared to GRACE's actual accuracy ( In this paper, we present a new way to process the global spherical harmonic coefficients for time-variable mass variation by spatiospectral localization, which was originally used to study distinct local features in the (static) global gravity and topography data (Simons and Hager 1997; Simons et al. 1997) . The spatiospectral localization of the global spherical harmonic fields to the area where the signal is expected to be largest will provide better quantification of the local signal from the global spherical harmonic fields. The way of processing the satellite gravity estimates is fundamentally different from the ones based on spatial smoothing over the globe that has been used widely in the community. Finally, we demonstrate potential to detect the earthquake deformation from a new satellite mission, Gravity and Ocean Circulation Explorer (GOCE), carrying a space-borne gravity gradiometer (SGG).
Global and localized signal-to-noise ratio
The spectral power of the global gravity field at various spatial wavelengths on a sphere (i.e., degree variance or degree-RMS) is often calculated to quantify the variability of geophysical signals and the errors of the gravity fields derived from satellite data (e.g., Gross and Chao 2001) . Figure 1 shows the error degree-RMS of actual GRACE monthly gravity field estimates (Tapley et al. 2004a; Wahr et al. 2006) Degree-RMS of the errors in the satellite gravity field estimates from GRACE (cross) and from GOCE SGG (triangle) and of the signals associated with terrestrial water storage (dot) and with the 2004 great Sumatran-Andaman earthquake (circle). The GRACE error indicates actual monthly accuracy attainable from the GRACE satellite tracking data and the GOCE error curve implies simulated accuracy expected from two months of the GOCE gradiometer observations. The variability caused by hydrology represents a monthly mean variation with respect to a year-average field. The earthquake signal indicates the coseismic variation before and after the event and simulated GOCE SGG gravity field (ESA 1999; Ditmar et al. 2003) . Figure 1 also presents the degree-RMS of two geophysical signals such as terrestrial water storage calculated by spherical harmonic decomposition of Land Data Assimilation System (LDAS) (Fan et al. 2003) and the 2004 great Sumatra-Andaman earthquake calculated by normal mode summation (Gross and Chao 2006) .
The terrestrial water mass has greater power than GRACE gravity field error over the degrees less than 15, indicating possible detection by GRACE gravity fields. However, the degree-RMS (globally calculated) shows that both satellite gravity estimates are too noisy to detect earthquake-induced gravity changes yielding more than one order of magnitude larger error at all frequencies, when compared to the signal. This has been a typical way to quantify the sensitivity of gravity fields to the geophysical signals (e.g., Gross and Chao 2001; Sun and Okubo 2004) .
This comparison, however, disregards the distinct differences in spatial distribution of the signals and errors. While many of geophysical signals causing temporal change in the gravity fields are locally intense and highly non-stationary, the satellite gravity errors are relatively uniform over the globe. Naturally the power of geophysical signals may be stronger over a certain geographical region and rapidly
